Connexin Structure progress of modern society. We live in an age when Gap junctions exhibit a hierarchy of assembly. The prininformation is transmitted through many different pathcipal structural component, the membrane protein conways and in many different forms to influence our daily nexin, is organized into the basic unit of structure, the decisions. However, although we live in communities, connexon, which is a hexameric structure with a toroid we still treasure our individuality. By analogy, the surappearance in negative-stained preparations. The famvival of multicellular organisms depends on each cell ily of connexin proteins includes at least 12 members in type retaining its individuality, even though all cellular rodents (Table 1 ; Kumar and Gilula, 1992). An individual activities must be coordinated with other cells. Organconnexon from one cell docks or associates with a corisms have evolved multiple strategies to achieve this responding connexon on a neighboring cell to form a goal, which include long-range interactions mediated gap junction channel, and multiple channels, in turn, by neural or endocrine mechanisms or short-range intercluster or aggregate in the plane of the membrane to actions that include direct physical or cell-cell contact.
of the connexins, are highly variable among the different topology, to expect that the other connexins will also associate to form hexameric connexons. connexins and are, therefore, thought to be important for regulation.
It has been suggested that the folding pattern for the Permeability Properties of Gap Junction Channels connexins corresponds to an antiparallel arrangement of four transmembrane domains that associate to form
In addition to inorganic ions (Na ϩ , K ϩ , Ca 2ϩ , etc.), a number of small molecules, such as cAMP and inositol 1,4,5-a left-handed bundle (Milks et al., 1988) , which is consistent with the known structural and permeability propertrisphosphate (IP3), can pass through gap junctions (reviewed by Loewenstein, 1981; Spray, 1994) . Using pepties of gap junctions. X-ray (Tibbitts et al., 1990 ) and circular dichroism studies (Cascio et al., 1995) are contides conjugated to fluorescent dyes, researchers have estimated the size of the pore for a gap junction channel sistent with the high helical content of the transmembrane domains of ␤1 connexin predicted by this model. (Loewenstein, 1981) . This analysis indicates that gap junctions are relatively nonselective in their permeabilHowever, it should be stressed that such models are speculative since there is little relevant evidence availity to hydrophilic molecules with diameters of 1.5 nm or less. able. Much progress has yet to be made in obtaining some structural information on the gap junction connexSince the earlier permeability studies, it has become apparent that the gap junction channels can be formed ins at the atomic level.
The oligomeric arrangement of connexins has been by a number of different connexins. Therefore, it is important to consider the fact that the channels formed indicated in structural studies on gap junctions where 6-fold symmetry has been used as a constraint in the by different connexins may have different permeabilities that will permit the discrimination of second messenimage analysis. Recently, independent evidence has been provided by chemical cross-linking studies on pugers, such as cAMP, cGMP, Ca 2ϩ , or IP3. The net result of such diversity could be to form communication comrified rat liver gap junction connexons (Cascio et al., 1995) to indicate that each connexon consists of six partments that will enable a select group of cells to be regulated by changes in the concentration of a specific subunits. Although the stoichiometry for the association of connexins in other connexons is not yet known, it second messenger or metabolite.
Recently, it has been demonstrated that there are would be reasonable, based on their similar predicted . Consequently, if the oocyte data is single channel conductances ranging from 20 pS to sevrelevant, then it remains to be determined whether other, eral hundred picoSiemens (Spray, 1994) . The different as yet unidentified, connexins that are compatible with single channel conductances may reflect intrinsic differeach other are also expressed in these two cell types. ences in the sequences of the connexins. For example, Alternatively, another mechanism, such as a glutamatesome connexins are known to be phosphorylated by gated channel, may be involved in the transmission of tyrosine kinases (Musil, 1994) ␣1 connexin is expressed in the ventricular myocardium, Targeting of Connexins Communication compartments have been described in it has been suggested that the incompatibility between ␣1 and ␣5 prevents the coupling of these two cell types, the mouse embryo (Lo and Gilula, 1979) assembly of protein into channels is a complicated prodetergent condition that was used for the analysis. Furthermore, the use of transport inhibitors (e.g., brefeldin cess because the composition, stoichiometry, and arrangement of the subunits within the oligomer are critical A or lower temperatures) inhibits the phosphorylation of ␣1 connexin (Musil and Goodenough, 1993), which for their proper function. Furthermore, the channel protein may undergo posttranslational modifications, such may influence the solubility of ␣1 connexon oligomers in nonionic detergent (Musil and Goodenough, 1991). as glycosylation, acylation, phosphorylation, or formation of disulfide bonds. Finally, the protein must traffic Finally, the observations in this study have been made on a cell culture line, and the assembly process may to the correct subcellular location.
The biosynthesis, intracellular sorting, and assembly differ from that in the liver and pancreas. One implication of the post-ER oligomerization model of gap junctions are active areas of research. Since the properties of a gap junction channel may be defined by is that, prior to oligomerization, the regions of the connexin that are normally involved in protein-protein interits composition, the mechanism by which the selective association and targeting of connexins are determined actions and in forming the pore will be in direct contact with the hydrophobic environment of the lipid bilayer. is of much interest. Like other membrane channels, the formation of a gap junction involves multiple steps. HowSuch a situation is energetically unfavorable if integration of the connexin occurs within the ER, with subseever, unlike other channels, two membranes are required to form the complete functional unit. If such strucquent transport to the Golgi complex as an unshielded, nonoligomerized subunit. However, it is possible that tures were to form in intracellular compartments, it would have dramatic consequences for the cell. Most molecular chaperones shield the exposed domains of the nonoligomerized connexin from the lipid bilayer. of the details, as well as the temporal sequence for these transitional events during the formation of a gap Details of the transport of connexin from the Golgi complex to the cell surface remain largely unknown. junction, are unclear at present. vides a therapeutic strategy that can be explored further.
Integration into the rough endoplasmic reticulum (ER) Connexins can undergo phosphorylation, and in early experiments it was suggested that one role for this postmembrane is normally the first event in the biosynthesis
Connexin40, a component of gap junctions in vascular endothelium, is restricted in its ability to interact with other connexins. Mol. Biol.
